SUMMARY A study correlating the electrocardiographic findings and the histology of the atrioventricular (AV) conduction system was carried out in 14 cases with chronic complete AV block and in 13 cases without chronic complete AV block. Patients with chronic complete AV block weredivided into two groups, based on the width of the QRS complex. The QRS complexes were narrow (< 0.12 second) in four cases (group 1) and wide (. 0.12 second) in 10 cases (group 2). In group 1, the main lesion was located in the penetrating portion of the His bundle (Hisp) in one heart, in the branching portion of the His bundle (Hisb) in another and in the combined regions of Hisb and the left bundle branch in two. Three of the four cases in group 1 had idiopathic fibrosis of the conduction system and one had calcific nodules in the central fibrous body. In group 2, the main lesion was located in Hisb in two cases, in the combined regions of Hisb and the right bundle branch in one, in the Hisb and in the bilateral bundle branches in two, and in the bilateral bundle branches in five. All cases in group 2 were of the idiopathic type, except case 5, which had calcific aortic stenosis.
STUDIES by Mahaim,' Lev,' Lenegre, 3 Davies4 and others5-9 have contributed to our knowledge of complete atrioventricular (AV) block, and the development of His bundle electrocardiography has provided accurate techniques for the clinical evaluation of patients with AV block.'0 '7 According to the limited number of studies that have correlated electrophysiologic and histologic changes, patients with chronic complete AV block with wide QRS complexes and HV block by His bundle recordings have lesions of the bilateral bundle branches,'3 but patients with chronic complete AV block associated with narrow QRS complexes and AH block on His bundle recordings show a wide variety of anatomic lesions in the approaches to the AV node, in the AV node itself or in the common bundle. '7 Additional studies correlating the electrophysiologic and histologic findings in patients with chronic complete AV block are needed to clarify these observations. Because His bundle electrocardiography is an invasive procedure and cannot always be performed or repeated, studies that correlate histologic findings with changes in routine ECGs are important.
We report a clinicopathologic study of the conduc-tion system in consecutive patients with chronic complete AV block to clarify and reappraise the main sites of lesions in relation to the width of the QRS complexes in surface ECGs, and compare our findings with those in patients without chronic complete AV block.
Materials and Methods
We studied the hearts of 14 patients autopsied at Duke University from 1963-1978 in whom chronic complete AV block was diagnosed. (table 1) . Cases with congenital complete AV block or surgically induced block were excluded. In addition, the hearts of 13 selected patients without chronic complete AV block who were of a similar average age were studied as controls (table 2) . The hearts were examined by routine procedures that have been described,'8 including radiographic demonstration of the coronary arteries, which had been injected with a barium sulphate-gelatin mixture, followed by cross-sectioning of the coronary arteries at 5-mm intervals. The sinoatrial node was examined by making step sections of the crista terminalis region. The AV conducting tissue was studied using the method of Lev et al., ' and serial sections of the AV nodal tissue were mounted and stained on 35-mm plastic tape as previously described. 20' 21 This permitted the examination of the AV node, penetrating and branching common bundles, and the proximal 2-3 cm of the left bundle and right bundle. The right bundle segment included most of the second intramuscular portion of the right bundle. Although study of a segment of this size is almost always sufficient to identify the site of the lesion in a patient with chronic complete AV block, we 938 Abbreviations: W = white; 13 = black; CAVB complete atrioventricular block; CUF = congestive heart failure; HHD = hypertensive heart disease; OMI = old myocardial infarction; inf. = inferior; AS = calcific aortic stenosis; AP = angina pectoris; DM = diabetes mellitus; CVA = cerebral vascular accident; HT = hypertension; config. Clinical Findings (table 1) The ECG showed complete AV block in all 14 cases. The cases were divided into two groups based on the width of the QRS complex. Group 1 consisted of four cases with narrow QRS complexes (< 0.12 second) and group 2 consisted of 10 cases with wide QRS complexes (. 0.12 second).
A pacemaker had been implanted in 13 patients. Hypertension was documented in six cases, congestive heart failure in seven and myocardial infarction (M1) in three.
Pathohistologic Findings (table 3) Heart weights averaged 529 g (range 401-665 g) in group 1 and 594 g (range 290-730 g) in group 2. The coronary stenotic index averaged 6.0 in group 1 (range 4-8) and 8.6 in group 2 (range 2-13). MI was detected pathologically in three cases; two were in the anterior left ventricle and one was in the posterior left ventricle. Histologic study showed that the sinoatrial node and its surrounding regions were normal in both groups. Histologic study of the AV conduction system in group 1 showed that the sites of the main lesion were not in the approaches to the AV node or in the AV node itself, but in the penetrating portion of the His bundle in one ( fig. 1 ), in the branching portion of the His bundle in one ( fig. 2 ) and in the combined regions of the branching His bundle and the left bundle branch in two (figs. 3A and B). Figure 4 shows schematic diagrams of the conduction system in the four patients in group 1. In the 10 cases in group 2, the main lesion was located in the branching portion of the His bundle in two ( fig. 5) (table 2) The ECG showed left anterior hemiblock in two patients, first-to second-degree AV block in one, third-degree AV block in two, anterior MI in seven, inferior MI in eight and lateral MI in one. The width of the QRS complex was less than 0.11 second in all 13 cases.
Hypertension was diagnosed in five patients, acute MI was present in six, old MI in 11 and cerebrovascular accident in two; temporary pacing had been performed in one patient and a saphenous vein bypass graft operation had been performed in another.
Pathohistologic Findings (table 4) The average heart weight was 498 g (range 265-740 g). The coronary stenotic index averaged 11.5 (range 8-14) . MI detected pathologically was anterior in six, posterior in eight and lateral in two. In case 2, there was no evidence of MI despite a clinical diagnosis of acute inferior MI. The MI was acute in six cases and old in 11. Histologic study showed that the sinoatrial node was normal in all cases and that the AV conduction system was almost normal in eight cases; slight necrosis was present in two cases, involving the anterior region of the left bundle branch in one and the right bundle branch in the other. In both of these cases, the adjacent ventricular myocardium was acutely infarcted. There was moderate fibrosis in the posterior region of the left bundle branch in one ( fig.  9) showed that the main sites of lesions producing AV block were in the AV node in two patients, in the common bundle in 16 and in the bilateral bundle branches in seven. In 1964, Lenegre3 reported that the main sites of lesions in cases with AV block were more common in the branching portion of the His bundle or bilateral bundle branches than in the AV node. In 1971, Davies4 described the pathology of 100 cases of chronic acquired complete AV block, in which AV block in 46 cases was found to be induced by idiopathic bilateral bundle branch fibrosis. In these and other studies,2' 1-7 the principal sites of lesions in chronic AV block were shown to be in the branching portion of the His bundle and the bilateral bundle branches.
Cosby et al.8 and Dreifus et al.9 correlated the width of QRS complexes with the sites of the main lesion and with prognosis in patients who had AV block. Dreifus et al." studied 67 cases of chronic seconddegree or high-grade AV block and found that narrow QRS complexes (< 0.1 1 second) were associated with a prolonged conduction delay within the AV node, and wide QRS complexes (> 0.12 second) were associated with conduction delay in the subjunctional region of the AV transmission system. The presence of major symptoms or syncopal attacks was closely related to the presence of a long QRS duration.9
The His bundle ECG", 11 allows for precise localization of AV block. In patients with advanced or complete AV block, narrow QRS complexes are generally attributed to AV nodal or intra-Hisian block, which might be induced by a lesion in the AV node itself or in the upper or middle part of the His bundle. AV block with wide QRS complexes is attributed to infra-Hisian block, and the major lesions might be in both bundle branches. The branching portion of the His bundle is believed to correspond to electrophysiologic recordings identified as being from the "distal His," and a lesion of this site is also complexes, either showing split His potentials or AH block without a split His, the main sites of lesions were in the branching portion of the His bundle. In group 1, the lesions of the conduction system could be divided into three patterns (fig. 4) . The main lesion in case 1 was in the penetrating portion of the His bundle, secondary to calcification in the central fibrous body. A similar case has been reported. '6 26 In case 2, severe fibrosis of the branching portion of the His bundle produced chronic complete AV block with narrow QRS complexes, which may be attributed to intra-Hisian block."' In cases 3 and 4, the main lesions were not only in the branching portion of the His bundle but also in the left bundle branch, and the QRS complexes were narrow.
In group 2 ( fig. 8 ), four patterns of lesions in the conduction system were found. Two patients had marked fibrosis of the branching portion of the His bundle and one patient had marked fibrosis of both the branching portion of the His bundle and the right bundle branch. Eight patients from the two groups had marked fibrosis of the branching His bundle, three with narrow and five with wide QRS complexes.
The two groups differed histologically in that the more anterior branching His bundle remained intact in the three patients from group 1 ( fig. 38 ), whereas the lesions in the more anterior branching His bundle were broader and longer or continuous with the beginning portion of the bundle branches ( fig. 7A ) in the five patients in group 2. The two cases who had combined lesions of the branching His and the left bundle branch were both in group 1 (narrow QRS), and the one case with combined lesions of the branching His and the right bundle branch was in group 2 (wide QRS).
Cases 8-14 in group 2 had marked interruption of bilateral bundle branches, and cases 8 and 9 also had marked fibrosis of the branching His bundle. These seven cases are similar to those postulated by Rosenbaum27 to have "trifascicular block." In addition, the shape of escape beats on the ECG in these seven patients showed the pattern of right bundle branch block, associated with the pattern of left-axis deviation in four, normal axis in two and right-axis deviation in one.
There have been few clinicopathologic correlation studies in patients with chronic complete AV block in which QRS morphology was related to the histologic site of the lesion. In patients with complete AV block and narrow QRS complexes of escape beats, it is also necessary to rule out the presence of lesions in the approaches to the AV node,28 or in the AV node itself. calcification in the central fibrous body and a case in group 2 with calcific aortic stenosis. These findings are compatible with "idiopathic bundle branch fibrosis" or "fibrocalcific destruction of the conduction system," proposed by Lenegre, 3 or "sclerosis of the left side of the cardiac skeleton," proposed by Lev.2
The 13 patients without ECG findings of chronic complete AV block were included in this report for comparison with patients who had such findings. They represent the changes that are to be found in a group of patients of similar age, but who have more coronary artery disease on the average than was present in the patients with chronic complete AV block. As such, they provide a control series that is exaggerated in terms of the degree of retrogressive anatomic change to be expected in such an age group. Thus, the lack of marked or complete fibrosis of the AV node, the His bundle or bilateral bundle branches contrasts with the presence of such lesions in the patients with chronic complete AV block. The presence of definite but less severe fibrotic change in the conducting fibers corresponds to previously reported observations in an older population.29 4 for abbreviations. 946 ClIRCU LATION LiB
